We have measured the vertical profiles of selenite, selenate and organic selenide in the Southeast Asian Basins (the Celebes Sea, the Sulu Sea and the South China Sea) for the two years, 1996 and 2002. Total selenium, selenite and selenate showed nutrient-like profiles. In particular, the vertical profiles of selenate and organic selenide in the Sulu Sea differed greatly between 1996 and 2002. The salinity and selenite/selenate ratio in the surface layer showed that the Sulu Sea surface water in these two years was derived from different sources. The vertical profiles of selenite, selenate and organic selenide in the South China Sea in 1996 and 2002 were almost the same. Both selenite and selenate were slightly elevated at the surface in the South China Sea. These inorganic selenium species seemed to be derived from atmospheric input, admixture of the East China Sea surface water, West Philippine Sea surface water, and fluvial, coastal and shelf waters of the South China Sea. The relationship between the concentration of organic selenide and the relative fluorescent intensity of fluorescent organic matter in the South China Sea suggested the organic selenide exists in the refractory DOC fraction possibility as humic-like substances. The total dissolved selenium concentration and the selenite/selenate ratio in deep water indicated that the water mass age of the Celebes Sea deep water was similar to that of the western North Pacific deep water. On the other hand, the water mass age of the Sulu Sea is younger than that of the western North Pacific. The selenite/selenate ratio in the South China Sea deep water was two times higher than that of the western North Pacific. This result suggested that a large amount of organic detritus was supplied to the South China Sea, and then the organic selenide in the organic detritus rapidly oxidized to selenite.
ton dies and as products of microorganism's metabolism, where it is oxidized to give selenite and selenate. Selenite and selenate show nutrient-type behaviors. The organic selenide have been associated with total dissolved amino acids such as seleno-amino acids in dissolved peptides (Cutter and Bruland, 1984) . Hattori et al. (2001a) reported the vertical profiles of dissolved selenium species in the Indian Ocean in which they found that organic selenide is the dominant species in the water column. This result implies that either oxidation of the organic selenide to inorganic species is not fast or a large input to surface water such as by ocean currents and/or upwelling had occurred.
On the other hand, little has been reported on the selenium distribution in semi-closed marginal basins. Hattori et al. (2001b) reported the selenium distribution in the Sea of Japan which is a semi-closed marginal basin. Generally semi-closed marginal basins are classified into two types: independent type and dependent type. The Sea of Japan belongs to the former. The Sulu Sea, the South China Sea and the Celebes Sea, which are located in the subtropical western Pacific, are semi-closed mar-
INTRODUCTION
Selenium has multiple chemical forms (selenite, selenate and selenide) in sea water as do arsenic and antimony. Reports have been made on selenium distribution in sea water for various oceans: the Pacific Ocean (Measures et al., , 1983 Cutter and Bruland, 1984) , the Atlantic Ocean (Measures and Burton, 1980; Measures et al., 1983; Cutter and Cutter, 1995 , 1998 , and the Indian Ocean (Measures et al., 1983; Hattori et al., 2001a) . The selenium speciation from these reports may be summarized as follows. Selenite is the dominant species incorporated in marine microorganisms (Koike et al., 1993; Doblin et al., 1999; Wang and Dei, 2001) . It is converted into selenide as organic selenium species in phytoplankton, bacterium and microorganisms. Selenide is discharged into the seawater after the plank-ginal basins and their deep water ventilation system is dependent on the surrounding seas.
The present paper describes the vertical profiles of dissolved selenium species in the Southeast Asian Basins during two cruises of R/V Hakuho-Maru in 1996 and 2002.
MATERIALS AND METHODS
All water samples were collected on the two R/V Hakuho-Maru cruises, KH-96-5 and KH-02-4, and their sampling locations are shown in Fig. 1 . Water samples were collected at the Sulu Sea stations PA-1 (8∞50¢ N, 121∞48¢ E, December 25, 1996) during the KH-96-5 cruise, and St. 6 (6∞54¢ N, 119∞11¢ E, November 22, 2002) and St. 10 (8∞50¢ N, 121∞48¢ E, December 2, 2002) during the KH-02-4 cruise; the South China Sea stations PA-11 (15∞22¢ N, 115∞17¢ E, February 11, 1997) Twelve-liter lever-action type Niskin bottles mounted on a 36-position Sea-Bird 911 plus CTD-rosette were used for water sampling. The Niskin bottles were pre-cleaned successively with distilled HCl and deionized water. After collection the water samples for selenium speciation were filtered through a 0.45 mm membrane filter (ADVANTEC Tokyo Co., Ltd.), and immediately stored at -20∞C in a freezer. All samples were analyzed within two months of collection. The water samples for threedimensional excitation emission matrix spectrospopy (3D-EEMs) analysis were transferred directly to glass bottles (250 ml) which had been rinsed three times with the same sea water. About 200 ml of sea water samples were immediately filtered through a precombusted glass-fiber filter (Whatman GF/F) by vacuum filtration. After the initial three aliquots of the filtrate had been discarded, 5 ml of filtrate were transferred to a precombusted glass ampoule with a Pasteur pipette and frozen and stored in a refrigerator (-80∞C).
Selenium speciation
The analytical procedures for the determinations of selenite, selenate and organic selenide have been described elsewhere (Hattori et al., 2001c) . Only brief descriptions are given here. Determination of selenite A 30 ml portion of filtered water was placed in a 100 ml glass beaker and 5 ml of 0.1% 2,3-diaminonaphthalene (DAN, Dojin-kagaku Co., Ltd.)-0.1M hydrochloric acid solution were added. 0.5 ml of 0.1M ethylenediamine-tetraacetic acid-sodium fluoride (EDTA-2Na and NaF, Kishida Kagaku Co., Ltd.) solution were added to mask any interfering metal ions. The sample solution was adjusted to pH 1 with 6M hydrochloric acid, and was warmed at 50∞C for 20 minutes. After cooling, the solution was shaken with 5 ml of cyclohexane for 10 minutes. The piaselenol in the cyclohexane was determined with high performance liquid chromatography (HPLC) using a fluorescence detector at Ex. 375 nm/Em. 520 nm. The detection limit (S/N = 2) of the DAN-HPLC method was 1 pM. Determination of selenate The amount of selenate was calculated by subtracting the amount of selenite from total inorganic selenium (the sum of selenite and selenate), which was obtained by the reduction procedure with hydrochloric acid and potassium bromide. After the reduc- tion procedure, the amount of reduced selenate and selenite in the solution was determined by HPLC. The detection limit of total inorganic selenium was 3 pM. Determination of organic selenide The amount of organic selenide was estimated by subtracting both the selenite and selenate from the total amount of selenium, which was determined after wet-ashing decomposition with conc. nitric and perchloric acid followed by HPLC. The detection limit of total selenium was 6 pM. For HPLC, a JASCO (Japan Spectroscopic Co., Ltd.) intelligent HPLC system 800 series equipped with a Hitachi L-7480 fluorescence detector (150W xenon-lamp) was used.
3D-EEMs analysis
The analytical procedure for 3D-EEMs has been described elsewhere (Yamaguchi et al., 2001) . Only a brief description is given here.
3D-EEMs was done with a Hitachi model F-4500 fluorescence spectrophotometer. Excitation spectra were collected by scanning wavelengths from 200 to 500 nm, and emission spectra were collected from 250 to 550 nm at 5 nm intervals. All spectra were normalized as relative fluorescence intensity (R.F.I.) and expressed in terms of quinine sulfate units (QSU). Ten QSU correspond to the fluorescent intensity of standard quinine sulfate (10 mg/l, in 0.1M sulfuric acid) at excitation wavelength 350 nm/ emission wavelength 450 nm.
RESULTS AND DISCUSSION

The characteristics of the sampling stations
The Sulu Sea has unique hydrographic characteristics such as a potential temperature higher than 9.8∞C throughout the water column of ~5000 m depth (Wyrtki, 1961) . Broecker et al. (1986) obtained nutrient and radiochemical information in the South Asian Basins during two cruises. Nozaki and coworker reported the vertical distributions of dissolved rare earth elements for the Sulu and South China Seas (Nozaki et al., 1999; Alibo and Nozaki, 2000) . They were found to be influenced by physical and biogeochemical processes active within the basins. The South China Sea is fed directly from the Pacific Ocean (Broecker et al., 1986) . The water in the Sulu Sea flows from the South China Sea, and then it outflows to the Celebes Sea. The water in the Celebes Sea is fed from the Philippine Sea by the Mindanao Current. It outflows to the Banda Sea and the Indian Sea through the Makassar Strait. Figure 2 shows the vertical profiles of water temperature and salinity. The surface water temperature in the Celebes Sea (St. 2) is 29.13-29.80∞C, and the seasonal thermocline is observed from the surface to 300 m. The permanent thermocline is observed from 300 to 1000 m. The water temperature below 1000 m is uniform. No significant difference between the water temperature profiles in 1996 (PA-1) and 2002 (St. 10) is recognized. A slight difference is observed at the surface, and a mixed surface layer is formed at the surface of PA-1. The water temperature below 1000 m in the Sulu Sea (10.2∞C) is higher than those temperatures of the Celebes Sea and the South China Sea. No significant difference between the water temperature in 1996 (PA-11) and 2002 (St. 17) is observed except in the surface layer. The mixed surface layer is observed at St. 17 from the surface to 50 m. In the Celebes Sea, a discontinuous maximum salinity layer is observed near 100 m, and the minimum salinity layer is observed at 300 m. The former is considered to be North Pacific Ocean Subtropical Water (NPOW), and the latter is North Pacific Ocean Intermediate Water (NPIW) (Kashino et al., 2000) . The inflow of lowsalinity water mass is recognized from the surface to 150 m at PA-1. The difference of surface salinity concentration between PA-1 and St. 10 is 0.55 psu. The trend shown by the vertical profile of salinity is almost the same at PA-11 (1996) and St. 17 (2002) . The silicate and phosphate are more depleted in the Sulu Sea than in the other two basins, because the Sulu Sea is completely isolated from outside below 400 m. The deep water silicate concentration (<1500 m) is relatively lower than that of phosphate and it is lower Sulu Sea than in the South China Sea.
Hydrography
Vertical profiles of selenium speciation in the Celebes Sea, the Sulu Sea and the South China Sea
Station 2 was located on the east side of the Celebes Sea. The vertical profiles of selenium speciation in the Celebes Sea are shown in Fig. 3 . The surface water of this station has been reported to have undetectable nitrate + nitrite, silicate and low phosphate (0.04 mM) (Nishida, 2002) . The total dissolved selenium displays rapid increase from the surface (0.72 nM) to 500 m (1.63 nM), and then it gradually increases to the bottom (2.08 nM). Selenite shows surface depletion (0.08 nM) and increases gradually to 1238 m (0.65 nM). Below this depth, selenite increases slightly toward the bottom (0.71 nM). Selenate is the predominant dissolved species in the surface water (ca. 68.5% of total dissolved selenium). Selenate displays a rapid increase from the surface (0.49 nM) to a maximum of 0.96 nM at 992 m. Below this depth, selenate exhibits a fairly uniform distribution (992-5155 m; average of 0.90 nM). Interestingly, organic selenide is almost undetectable at the surface (0.15 nM), and increases gradually to a maximum of 0.50 nM, and then decreases to 1238 m (0.11 nM). Below this depth, organic selenide exhibits an almost uniform distribution (1486-5155 m; average of 0.32 nM). Selenite and selenate profiles are similar to those found in other basins (Cutter and Bruland, 1984; Cutter and Cutter, 1995, 1998; Hattori et al., 2001a, b) . The depletion of selenite and selenate in the surface water is due to selective uptake by phytoplankton (Wrench, 1978; Vandermeulen and Foda, 1988) . The relative high concentration of organic selenide is due to its production from regeneration and subsequent kinetic stability (Cutter and Cutter, 2001) .
Vertical profiles of selenium speciation in the Sulu Sea are shown in Fig. 4 . The sea water samples were collected in the same place (8∞50¢ N, 121∞48¢ E) on the east side of the Sulu Sea in 1996 (PA-1) and 2002 (St. 10). The surface water of PA-1 and St. 10 had non-detectable nitrate + nitrite (PA-1, 0.00 mM; St. 10, 0.63 mM), low phosphate (PA-1, 0.01 mM; St. 10, 0.05 mM) and low silicate (PA-1, 1.36 mM; St. 10, 1.27 mM) (Gamo, 1997; Nishida, 2002) . The vertical profile of total dissolved selenium at PA-1 is similar to that of St. 10. Total dissolved selenium at PA-1 displays a rapid increase from 0.66 nM at the surface to 1.13 nM at 398 m. Total dissolved selenium at PA-1 exhibits a fairly uniform distribution between 398 and 3942 m (average of 1.10 nM), and then it increases at the bottom (4944 m, 1.40 nM). Total dissolved selenium at St. 10 increases rapidly from 0.53 nM at the surface to 1.13 at 199 m, and then it displays a fairly uniform distribution between 199 and 992 m (average of 1. between the surface and 800 m at PA-1 (0-796 m; average of 0.51 nM) is about four times bigger than St. 10 (0-793 m; average of 0.13 nM). The salinities at the surface in the Sulu Sea are 33.62 psu at PA-1 and 34.17 psu at St. 10, respectively. The salinity at St. 10 is 0.55 psu higher than that of PA-1 (Fig. 2) . These results suggest that the Sulu Sea surface water in 1996 and 2002 was derived from different sources. In addition, the average selenite/selenate ratio between the surface and 100 m at PA-1 (0.24) is higher than that of St. 10 (0.16). The average selenite/ selenate ratios between the surface and 100 m in the South China Sea are 0.27 (PA-11) and 0.29 (St. 17), respectively. The average selenite/selenate ratio between the surface and 100 m in the Celebes Sea is 0.11 (St. 2). The average selenite/selenate ratio in the Sulu Sea (St. 6) is 0.31. The average selenite/selenate ratio of PA-1 (0.24) is nearly equal to that of the South China Sea and this ratio of St. 10 (0.16) is nearly equal to that of the Celebes Sea. These results suggest that most of the Sulu Sea surface water in 1996 was supplied from the South China Sea, and that in 2002 was supplied from the Celebes Sea and elsewhere. However, if the surface water in the Sulu Sea was supplied from the Celebes Sea through the Sibutu Strait with 400 m sill depth, the discontinuous salinity layer (NPOW) should be observed at 100 m in the Sulu Sea. But no discontinuous salinity layer is observed. Two possibilities for the sources of the Sulu Sea surface layer are considered, one is outflow from the Sulu Sea through the Basilan Strait and/or Tapiantana Channel, another is outflow from the Bohol Sea. The Bohol Sea water is fed from the Philippine Sea through the Leyte Gulf and the Suriago Strait. Unfortunately, there are no selenium data for this region with which to discuss the sources of the Sulu Sea surface water. The average selenite/selenate ratio of St. 6 (0.31) is similar to that of St. 17 (0.29), and then most of the Sulu Sea surface water at St. 6 was supplied from the South China Sea.
The vertical profiles of selenium speciation in the South China Sea (PA-11, St. 17) are shown in Fig. 5 . The surface water of these stations had non-detectable nitrate + nitrite (PA-11, 0.05 mM; St. 17, 0.01 mM), low phosphate (PA-11, 0.15 mM; St. 17, 0.11 mM) and low silicate (PA-11, 1.92 mM; St. 17, 0.94 mM) (Gamo, 1997; Nishida, 2002) . The total selenium rapidly increases from the surface (PA-11, 0.54 nM; St. 17, 0.58 nM) to 1000 m (PA-11, 1.51 nM; St. 17, 1.49 nM), and then it increases gradually towards the bottom (PA-11, 1.92 nM; St. 17, 1.84 nM). The vertical profile of selenite shows surface depletion (PA-11, 0.09 nM; St. 17, 0.10 nM) and, a gradual increase with depth towards the bottom (PA-11, 0.74 nM; St. 17, 0.75 nM). Both selenite and selenate are slightly elevated at the surface. Surface enrichment of selenite and selenate can be derived from various sources: river drainage, atmospheric input, erosion of the surrounding peninsulas and islands and sediment diagenesis. Such a trend was found in the western and equatorial Atlantic Ocean and the elevated selenite and selenate were attributed to atmospheric input (Cutter and Cutter, 2001) . Such a tendency is observed for dissolved rare earth elements (REEs) in the surface at PA-11 (Alibo and Nozaki, 2000) . They explained the sources of REEs at PA-11 by using Ra isotopes data, the distribution of dissolved Nd concentrations in the surface water together with the surface current system according to Wyrtki (1961) . They suggested the dissolved REEs in the surface water at PA-11 were due to mixing of the East China Sea surface water, the West Philippine Sea surface water, and the fluvial, coastal, and shelf waters of the South China Sea. If the sources of both selenite and selenate are similar to that of REEs, inorganic selenium in the surface at PA-11 might be derived from the admixture of the East China Sea surface water, the West Philippine Sea surface water, and the fluvial, coastal, and shelf waters of the South China Sea. Organic selenide increases from the surface (PA-11, 0.14 nM; St. 17, 0.17 nM) to 500 m (PA-11, 0.50 nM; St. 17, 0.55 nM). Below 1000 m, organic selenide exhibits an almost uniform distribution, and then it is slightly elevated at the bottom.
The relationship between organic selenide and fluorescent organic matter
The organic selenide in the three seas does not have a uniform vertical profile (Figs. 3-5) . The vertical profile of organic selenide in the Sulu Sea differs greatly between 1996 (PA-1) and 2002 (St. 10). The concentration of organic selenide from the surface to 800 m in 1996 is higher than that of 2002. This trend contrasts with that of the selenate profile. The vertical profile of organic selenide of PA-11 is similar to that of St. 17. Organic selenide was detectable in the surface layer in the Atlantic Ocean (Cutter and Cutter, 1995) . Organic selenide was detectable in the deep layer of the Pacific Ocean (Cutter and Bruland, 1984) , the high latitude North Atlantic Ocean (Cutter and Cutter, 1998) , the Indian Ocean (Hattori et al., 2001a) , and the Sea of Japan (Hattori et al., 2001b) . Cutter and Bruland (1984) suggested the marine biogeochemical cycle of selenium: selective uptake of selenite (selenate) by phytoplankton, reduction and incorporation into proteins (selenite/selenate to organic selenide), a multi-step regeneration from organic detritus that produces dissolved organic selenides, then selenite, and finally selenate. Though the organic selenide in the surface layer seems to be seleno-amino acids from a dissolved peptide, in the deep layer it is not from selenoamino acids. Cutter (1992) suggested that organic selenide in the suboxic or anoxic deep waters is in a stable form. On the other hand, the dissolved organic carbon (DOC) as dissolved organic matter is classified into three types "labile DOC", "refractory DOC" and "semi-labile DOC". The labile DOC includes free amino acids, sugars and organic acids which turn over in minutes to days through rapid bacteria uptake. The refractory DOC in the deep ocean is resistant to microbial oxidation, with average age of hundreds to thousands of years. The semi-labile DOC is between labile DOC and refractory DOC in character (Ogawa and Tanoue, 2003) . The refractory DOC represents most of the DOC in deep water. It can be speculated that the organic selenide in deep water is some compound of refractory DOC with selenium. Coble (1996) reported on the fluorescence properties in a wide variety of water samples from river, coastal and marine environments obtained with 3D-EEMs and found tyrosine-like, tryptophan-like, protein-like, and marine-humic like fluorescence properties. Therefore, 3D-EEMs is an effective method for the characterization of fluorescent organic matter in sea water. Fluorescent organic matter which seems to be refractory organic substances is present in the deep layer of the Pacific Ocean (Hayase and Shinozuka, 1995; Yamaguchi et al., 2001; Nakaguchi et al., 2003) . 3D-EEMs were measured by using the same samples which were collected by the R/V Hakuho-Maru KH-02-4 cruise. The fluorescence maxima were observed at almost the same excitation and emission wavelength (excitation wavelength 300-330 nm; emission wavelength 380-420 nm) in all samples, which was similar to the marine humic-like fluorescence property reported by Coble (1996) . The vertical profiles of relative fluorescence intensity (R.F.I.) of fluorescent organic matter are shown in Fig. 6 . The R.F.I. increases rapidly from the surface (St. 2, 0.41 QSU; St. 10, 0.46 QSU; St. 17, 0.35 QSU) to the maximum layer; below the maximum layer it displays a fairly constant distribution to the bottom. Correlations between R.F.I. of fluorescent organic matter and organic selenide are shown in Fig. 7 . A relatively high and positive correlation is observed between R.F.I. and organic selenide concentration at St. 17 (r = 0.89, n = 19). A weak positive correlation appears at St. 10 (r = 0.70, n = 16). These results suggest that organic selenide in the South China Sea is present in the humic-like substances, and it is present even in the deep layer. Hayase and Shinozuka (1995) confirmed that fluorescent organic substances were regenerated in the water column by oxidation of organic substances, as in nutriuents at the equatorial Pacific. The organic selenide in the South China Sea was regenerated by oxidation of some organic substances. In addition, the South China Sea has contact with land, and the inflow of the organic selenide from rivers is also considered. Yamada and Hattori (1989) investigated soluble selenium species in soil using gel chromatography. They reported that most of the selenium was present as organic selenide with molecular weight from 1000 to 5000 and it seemed to be humic substances. The present results suggest that organic selenide can be supplied from soluble species in soil through rivers flowing into the sea. On the other hand, no significant correlations are observed between R.F.I. and organic selenide concentration at St. 2. These results suggest that the regeneration process of *Hattori and Nakaguchi (unpublished data 
Total selenium concentration and the selenite/selenate ratio in deep water
Selenium is considered as a recycled element, and the concentration of total selenium increases with water mass age. The selenite/selenate ratio should decrease with water mass age, since selenite slowly oxidizes to selenate during transport Cutter and Bruland, 1984) . However, deep water masses in the North and South Atlantic have a relatively constant selenite/ selenate value. Cutter and Bruland (1984) attributed the lack of a decrease in selenite/selenate during transport from the North to the South Atlantic as due to continuous input of new selenite from the oxidative regeneration of organic detritus. The average concentrations of selenite, selenate, organic selenide total selenium and selenite/ selenate ratio in the deep water are shown in Table 1 . The concentration of total selenium at St. 2 in the Celebes Sea deep water is 1.92 ± 0.13 nM, and it is almost the same as that of the western North Pacific (BO-7: 22∞00¢ N, 151∞00¢ E) (1.88 ± 0.14). Hattori (2002) showed the relationship between total dissolved selenium concentration and the water mass age of deep water as a linear equation obtained by using data sets of the North and South Atlantic Ocean (Cutter and Cutter, 1995, 1998) , the Eastern Indian Ocean (Hattori et al., 2001b) and the North Pacific Ocean (Hattori and Nakaguchi, unpublished data) .
[Total dissolved selenium] (pM) = 1.5 ¥ [the water mass age] (year) + 754.4 (r = 0.995).
According to this equation, the water mass ages of the Celebes Sea, the Sulu Sea and the South China Sea could be calculated by using Table 1 data. The water mass age of the Celebes Sea (St. 2) is calculated as approximately 777 years. This value is nearly that of the western North Pacific (BO-7, 750 years). The water mass ages of the Sulu Sea are 317 (PA-1), 430 (St. 10) and 504 years (St. 6). The water mass ages of PA-1 and St. 10 are close to the residence time of the Sulu Sea deep water (300 ± 150 years, Nozaki et al., 1999) . The water mass age of the South China Sea is 644 years ). This value is much longer than the residence time of the South China Sea (<100 years). On the other hand, the selenite/ selenate ratio at St. 2 is 0.80 ± 0.02, and it is similar to that of the western North Pacific (0.82 ± 0.02). This result also suggests that the Celebes Sea deep water mass age is similar to that of the western North Pacific deep water mass age. The selenite/selenate ratios of the Sulu Sea are 1.33 ± 0.06 (PA-1), 1.01 ± 0.03 (St. 10) and 0.73 ± 0.05 (St. 6). These results suggest that the Sulu Sea deep water ventilation system is influenced by inflow of the surrounding area, and the waters in the Sulu Sea are supplied from not only the South China Sea, but also the Celebes Sea and elsewhere. The selenite/selenate ratios of the South China Sea are 1.57 ± 0.17 (PA-11) and 1.63 ± 0.06 (St. 17) . If the water mass age of the South China Sea is nearly the same as that of the western North Pacific, the selenite/selenate ratio should also be the same as that of the western North Pacific. However, the selenite/ selenate ratio of the South China Sea is approximately two times higher than that of the western North Pacific. These results suggest that the South China Sea is supplied with a large amount of organic detritus, and then organic selenide in the organic detritus is rapidly oxidized to selenite. This excess selenite leads to the increase in the selenite/selenate ratio.
CONCLUSIONS
Vertical profiles of three selenium species were obtained in the Celebes Sea, the Sulu Sea and the South China Sea. Total dissolved selenium, selenite and selenate displayed surface water depletion and deep water enrichment. The vertical profiles of selenate and organic selenide in the Sulu Sea differed greatly between 1996 (PA-1) and 2002 (St. 10). The data of salinity and selenite/ selenate ratio at the surface layer suggested that the Sulu Sea surface water in 1996 was supplied from the South China Sea, and that in 2002 was supplied from the two sources such as the Celebes Sea and/or the Philippine Sea through the Bohol Sea. The surface enrichment of selenate was observed in the South China Sea surface sea water. The excess selenite and selenide in the South China Sea surface water was supplied from atmospheric input and/ or admixture of the East China Sea surface water, the West Philippine Sea surface water and the fluvial, coastal, and shelf waters of the South China Sea. The source of organic selenide was investigated by 3D-EEMs. The high and positive correlation between organic selenide and R.F.I. suggested that organic selenide in the South China Sea was present in the refractory dissolved organic matter. The total selenium concentration in the deep water showed the water mass ages of the Celebes Sea and the South China Sea deep water were similar to that of the western North Pacific. The Sulu Sea deep water mass was younger than that of the western North Pacific and also the surrounding sea area.
